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134a Sunday, March 6, 2011classification based on the amino acid frequency yielded an accuracy of 75%
or higher. Integrating additional information improved the prediction perfor-
mance to 90% and higher.
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Indole Transport across Escherichia Coli Membranes
Catalin Chimerel, Ulrich F. Keyser, Silvia Pin˜ero-Fernandez,
David K. Summers.
Our understanding of the roles of indole in bacterial signalling has grown rap-
idly in recent years. The list of processes in which indole participates is long
and diverse. It regulates the transition from exponential to stationary phases
of growth, it is involved in the control of plasmid stability, and it regulates bio-
film formation, virulence and stress responses (including the development of
antibiotic resistance). Its involvement is not restricted to bacterial signalling
but has recently been shown to include mutually beneficial signalling between
enteric bacteria and their mammalian hosts. In many respects indole behaves
like the signalling component of a quorum sensing system.
Indole synthesised within the producer bacterium is exported into the sur-
roundings where its accumulation is detected by sensitive cells. The estab-
lished view in the literature is that export and import are protein-
mediated, with the AcrEF-TolC and Mtr transporters implicated in these
roles for the indole-positive E. coli. However these assumptions are not
based upon direct evidence. We have combined in vivo and in vitro
approaches to re-examine the mechanism of indole transport. We conclude
that the movement of indole across the E. coli membrane is entirely indepen-
dent of AcrEF-TolC and Mtr.
To monitor the transport of indole through the lipid membrane we developed
a deep UV-fluorescence microscope which is capable of imaging the intrinsic
fluorescence of indole molecules. In parallel we used electrophysiology to
monitor the transport of indole through black lipid membranes. Our measure-
ments provide an unambiguous prove that indole can indeed pass through intact
lipid membranes (1,2-Diphytanoyl-sn-Glycero-3-Phosphatidylcholine and
E. coli ploar lipid extract). These observations enhance our understanding of
indole signalling in bacteria and, perhaps more importantly, provide a simple
explanation for the ability of indole to signal between biological Kingdoms.
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FRET Analysis of the Dimer Conformation of the Bacterial Translocon
SecYEG
Lukas Winter, Christine Siligan, Andreas Horner, Peter Pohl.
A decisive step in the biosynthesis of many proteins is their partial or com-
plete membrane translocation. It is mediated by a highly conserved protein
conducting channel, which is called SecYEG in bacteria. On the basis of its
structure, it was proposed that the translocase consists of just one SecYEG
complex. If assembly into a dimer occurs, one of the copies remains inactive.
According to a contrasting hypothesis, the actual translocase offers a much
wider diameter for protein transport than can be attained by a single copy.
This is achieved by assembly into dimers with the lateral gates facing each
other (front to front configuration). Here we show by the use of Fo¨rster reso-
nance energy transfer (FRET) that the purified and reconstituted SecYEG
complex forms dimers, whereas in detergent the SecYEG complex remains
monomeric. The FRET efficiencies measured for labels introduced at various
SecYEG positions indicate that the front to front configuration is highly
unlikely.
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Molecular Transport Across Porins: Revealing Fast Kinetics
Mahendran Kozhinjampara, Pratik Raj, Singh Ulrich Kleinekatho¨fer,
Helge Weingart, Mathias Winterhalter.
The permeation of water soluble molecules across cell membranes is controlled
by channel forming proteins and particularly the channel surface determines the
selectivity. An adequate method to study properties of these channels is elec-
trophysiology and in particular analysing the ion current fluctuation in the pres-
ence of permeating solutes provides information on possible interactions with
the channel surface. As the binding of antibiotic molecules in the channels of
interest is significantly weaker than that of preferentially diffusing nutrients
in substrate-specific pores, the resolution of conductance measurements has
to be significantly increased to be able to resolve the events in all cases. Due
to the limited time resolution, fast permeation events are not visible. Here
we demonstrate that miniaturization of the lipid bilayer; varying the tempera-
ture or changing the solvent may enhance the resolution. Although electrophys-
iology is considered as a single molecule technique, it does not provide atomic
resolution. Molecular details of solute permeation can be revealed by combin-
ing electrophysiology and all atom computer modeling.725-Pos Board B525
Both Lobes of Maltose Binding Protein are Engaged in Stabilization of the
Semi-Open State of the Malk Dimer in the Maltose ABC Transporter
Frances Joan, D. Alvarez, Cedric Orelle, Candice S. Klug,
Amy L. Davidson.
ATP-binding cassette (ABC) transporters involved in uptake in bacteria are
capable of accumulating substrates against a concentration gradient at the ex-
pense of ATP. In most systems, high-affinity binding protein located in the peri-
plasmic space or outside the cell scavenges solutes for delivery to and through
the transmembrane components. One such system is the maltose transporter in
Escherichia coli, which is composed of a periplasmic maltose binding protein
(MBP), two transmembrane domains, MalF and MalG, and a nucleotide-
binding homodimer, MalK2. Interaction of the ligand-bound MBP with the
MalFGK2 transporter in the presence of MgATP triggers conformational
changes that result in reorientation of transmembrane helices to receive maltose
from MBP and closure of the nucleotide-binding interface in MalK2 to hydro-
lyze ATP. Following ATP hydrolysis, the MalK dimer opens and transmem-
brane helices reorient, bringing maltose into the cell. Recently, evidence of
a semi-open state of MalK2 was found when the transporter was allowed to hy-
drolyze ATP in the presence of MBP. We have used site-directed spin labeling
and electron paramagnetic resonance spectroscopy to further characterize this
‘‘post-hydrolysis’’ state. By placing EPR probes in different locations along
the interface where MBP is known to interact with MalFGK2, we found that
whereas only the N-lobe is bound to the transporter in the resting state confor-
mation, both the N- and C-terminal lobes of MBP are engaged with the trans-
porter under conditions where the semi-open state of MalK2 is stabilized.
Interpreted in light of howMBPmay stimulate the ATPase activity of the trans-
porter, it appears that both lobes of MBP are involved in dictating the confor-
mation of the MalK dimer on the opposite site of the membrane.
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A Structure-Function Approach to Study ABCB1 (mdr1/P-Glycoprotein)
Pharmacogenomics in Drug Disposition
Alana A. White, J.B. Alexander Ross, Erica L. Woodahl.
P-glycoprotein (P-gp) is an efflux drug transporter located in tissues important
in drug disposition, including the intestine, liver, kidney, and blood-brain bar-
rier. P-gp transports a wide variety of structurally and functionally different
drugs, but the mechanisms for binding and transport are poorly understood.
The ABCB1 gene, which encodes P-gp, is highly polymorphic and ABCB1 ge-
netic variation alters P-gp-mediated transport; however, the specific mecha-
nisms are also unclear. Our goal is to characterize the structure-function
relationships in ABCB1 pharmacogenomics using biophysical and computa-
tional methods. We constructed a wild-type human P-gp homology model
based on the mouse crystal structure as a scaffold to study changes in secondary
structure due to ABCB1 single nucleotide polymorphisms (SNPs). Our
research has focused on nonsynonymous ABCB1 SNPs at nucleotide positions
1199 and 2677 (amino acids 400 and 893, respectively): 1199G>A (S400N),
1199G>T (S400I), 2677G>T (A893S), 2677G>A (A893T), and 2677G>C
(A893P). Our variant homology models predict that these ABCB1 SNPs all
cause large perturbations in the local secondary structure of P-gp, which may
alter P-gp function. To measure alterations in P-gp function, our future goals
are to incorporate wild-type and variant P-gp into phospholipid bilayer nano-
discs to study differential substrate binding and changes in conformation using
single-molecule fluorescence. Towards this end, we are expressing P-gp in ba-
culovirus-infected Hi5 insect cells, employing a purification scheme involving
a thrombin-FLAG tag attached to the C-terminus to produce high-yield high-
purity P-gp. We will correlate these results, and those from in vitro transport
studies, with homology modeling to further refine our predictions of the func-
tional significance of ABCB1 genetic variation. Data gained from these studies
will provide mechanisms for alterations in P-gp function due to ABCB1 genetic
variation, and aid our understanding of interindividual variability in drug dis-
position of P-gp substrates.
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Transport of Small Molecules across the Bacterial Translocation Channel
SecYEG
Denis Knyazev, Alexander Lents, Lukas Winter, Nicole Ollinger,
Christine Siligan, Peter Pohl.
Many proteins are translocated across the endoplasmic reticulum (ER) mem-
brane or the bacterial plasma membrane through a conserved channel, formed
by a heterotrimeric protein complex (called the Sec61p complex in eukaryotes
and the SecYEGcomplex in bacteria and archaea).Cotranslational or postransla-
tional translocation requires ribosomeor SecAbinding, respectively. The resting
Sunday, March 6, 2011 135achannel is impermeable to ions and water (Saparov et al., 2007). Here we
have tested whether the channel remains a barrier to small molecules after
a conformational transition occurred due to ligand binding. Therefore, we recon-
stituted the purified andfluorescently labeled translocation channel SecYEG into
planar lipid bilayers. Positioning of the membrane on top of a laser scanning
microscope with single molecule sensitivity allowed monitoring the reconstitu-
tion efficiency. Both the motor molecule SecA and ribosomes induced ion chan-
nel activity. The probability of the channel openingwas derived from the number
of open channels and the total number of reconstituted channels.
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Effect of Relative Humidity on the Permeability of Model Skin Lipid
Membranes
Xiaoli Chai, Eugene Pashkovski, Stefan Lindstrom, David Weitz.
Skin stratum corneum (SC) lipids play a very import role in formation of skin
barrier, for instance, in controlling water transport. However, very little re-
search effort was focused on understanding the mechanism of water permeabil-
ity across the lipid bilayer stacks. In this study we quantitatively investigated
the permeability and the responding behavior of model skin lipid membranes
at different values of relative humidity (RH) using quartz crystal microbalance
(QCM). We show that the diffusion constant of water across the membrane has
a maximum at RH=40-50%, whereas the equilibrium content of water within
the membrane increases monotonically with increasing humidity. The perme-
ability of membrane also increases with RH, showing that the membrane is re-
sponsive rather than passive, as proposed by E. Sparr et al. (Soft Matter, 2009,
5, 3225). A small amount of Oleic acid used as a penetration enhancer in drug
delivery, causes the permeability of model membranes to increase; this increase
is especially pronounced at high humidity. The effect of water sorption on high-
frequency viscoelastic properties of skin lipid membranes is also discussed. It is
shown that the elastic modulus of the membrane decreases and the loss modu-
lus increases as a result of water sorption.
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Effects of Temperature on Membrane Electrodiffusion
Ilyssa A. Summer.
From a theoretical point of view many cell functions depend on molecular
transport across their membrane. Cell nutrition, action potential generation,
and general signaling are examples of this. In this work we aim to increase
our understanding of how the properties of membrane transport depend on tem-
perature. To address this problem, we take a biophysical approach using the
Nernst-Planck equation to model molecular flow across the membrane. With
this equation we model two processes of high relevance: cellular excitability
and regulation of extracellular pH.We use dynamical systems theory to analyze
the behavior of the system with respect to temperature. We specifically address
the following questions: does temperature affect the dynamics of action poten-
tial generation and firing frequency? What is the dependence of the transmem-
brane acidity levels on body temperature? In regard to excitability, we expect to
describe the behavior of neurons and other excitable cells in cold blooded an-
imals as the environmental temperature changes. In addition, one potentially
interesting aspect of our findings in regard to pH regulation is to unravel mech-
anisms explaining why temperature-based therapies work for the treatment of
some cancers.
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Sodium-Coupled Substrate Translocation Mechanism via the Sodium/
Betaine Symporter
Paween Mahinthichaichan.
The sodium/betaine symporter or BetP, a member of the betaine/choline/
carnitine transporter family and a LeuT-fold symporter, co-transports two
Naþ ions along with its substrate betaine in response to the intracellular
hyperosmotic stress. Its substrate-bound crystal structure is occluded to
the extracellular lumen but is likely open to the cytoplasmic lumen via
an observable pathway. Even though no ions were reported in the crystal
structure, the binding sites of two Naþ ions, so-called Na1 and Na2,
have been proposed. In the model, Na1 interacts with the substrate whereas
Na2 is bound outside the binding pocket. Unlike Na1, Na2 binds weakly to
its nearby residues, as suggested by intermolecular distance of more than3 A˚, so it is unclear whether Na1 and Na2 bind to their putative sites.
To test the Naþ-binding model and to possibly investigate their roles in
substrate translocation, we performed molecular dynamics (MD) simulations
on the substrate-bound BetP immersed in membrane in the presence and
absence of Na1 and Na2. All short-initial simulation trials demonstrated the
rapid formation of a hydrated pathway toward the Naþ-binding sites followed
by rapid dissociation of Na2 via the same pathway, indicating the opening
of the binding pocket to the cytoplasmic lumen and the unstable Na2
binding. Surprisingly, after 38 ns, we observed the coupled displacement of
Na1 and substrate, both of which dissociated via the hydrated pathway at
the end of the 57-ns simulation. No substantial displacement of the substrate
occurred without its first being bound to a Naþ ion, which implicates the
Naþ-dependent substrate translocation. No major protein conformational
changes were also observed despite the dissociation of the substrate. Our find-
ings, especially the coupled Na1-substrate dissociation, provide mechanistic
insights into the ion-coupled substrate translocation in BetP and other ion-
coupled symporters.
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Effects by Ibogaine on the Dopamine Transporter
Walter Sandtner, Simon Bulling, Klaus Schicker, Chrisitan Gruber,
Harald Sitte.
Ibogaine, an alkaloid extracted from Tabemanthe iboga, is being studied as
a potential long- acting treatment for opioid and stimulant abuse as well as
for alcoholism and smoking. The dopamine transporter (DAT) is a key pharma-
cological target that modulates the activity of drug reward circuits. Ibogaine is
reported to be a competitive inhibitor of DAT and in agreement with this view it
enhances similar effects of stimulants (1) (cocaine and amphetamines).
Here we studied how ibogaine affects the electrophysiological properties of
DAT. In dopamine transporters, transport is coupled to the sodium gradient
and in each transport cycle two positive charges enter the cell. Therefore trans-
port of substrate in DAT is intrinsically electrogenic.
However DAT also carries so called ‘‘uncoupled currents’’ (2), supported by
a channel mode that can be adopted by the transporter. In the absence of sub-
strate, uncoupled currents are reflected as a transporter specific leak current
(a sodium leak or a lithium leak) and in the presence of substrate uncoupled
currents are responsible for about 50% of the total charge flux. We expressed
DAT in Xenopus laevis oocytes and characterized the effects of ibogaine on
the substrate induced current, the sodium leak as well as the lithium leak.
Our observations are in support of a model in which the channel mode respon-
sible for the uncoupled currents is adopted when the transporter is in an inward
facing conformation.
Thus we provide evidence that the different uncoupled currents described in
DAT have a mutual basis and that the current can be perceived as a conforma-
tional probe.
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Lithium Stabilizes the Inward Facing Conformation of Human Serotonin
Transporter (hSERT)
Simon J. Bulling, Walter Sandtner, Zeljko Uzelac, Harald Sitte.
According to the alternate access model of transport, a transporter such as
hSERT adopts two major conformations: the outward facing conformation
and the inward facing conformation. For a functional transporter the distribu-
tion of these states in equilibrium (with and without substrate) is unknown.
Furthermore it is unclear how this distribution is affected by various parameters
such as the temperature, the external and internal ion composition, the mem-
brane potential etc.
Here we tested the effect of various external cations such as sodium, lithium
and NMDG on the conformational equilibrium.
In this studyweprobed the conformational equilibriumusing three different tech-
niques. First we utilized intramolecular FRETmeasurements. This was done uti-
lizinga construct of hSERT that hadbeen geneticallymodified to contain aCFTat
the N-terminal end and a YFP at the C-terminal end (CSERTY). CSERTY was
heterologously expressed in HEK cells and FRET changes upon administration
of different external ions were correlated with the data we obtained from binding
of a radio-labeled inhibitor of SERT (second technique) as well as with the data
we obtained by testing the accessibility of cysteines introduced by site directed
mutagenesis toMTS reagents (third technique). Binding was conducted in mem-
branes of HEKcells that stably expressed hSERT and for the accessibility studies
we employed hSERT expressed in Xenopus laevis oocytes.
In accordance with previous studies we find that external sodium supports the
outward facing conformation. However for high external lithium concentra-
tions we have evidence that the prevalent conformation is inward facing.
